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ABSTRACT: The accumulation and decomposition of litter in soils under forests depend on climatic and
biotic conditions. This work evaluated the effect of monthly rainfall and temperature on total bacteria, and on
the dehydrogenase and respiration microbial activities. The effects of organic matter, total organic C and soil
moisture were also evaluated. Performed from April, 1999 to March, 2000 in an Eucalyptus-cultivated and
Pinus-cultivated Oxisol (Typic Haplustox), the study showed that climate and the soil variables affect the
total number of bacteria and the microbial activities. The highest air temperatures and rainfall intensities
were found during the Summer and, consequently, all the studied variables were maximal during this period.
Minimal values varied from Autumn to Winter or, for some parameters, up to Spring. A positive correlation
proved the influence of the organic matter, organic C and soil moisture on the total bacteria and on the
respiratory and dehydrogenase activities. Litter content was also higher in the Summer as compared to the
Winter, but it correlated only with the total bacteria (r = 0.52***). However, the correlation between the litter
content and organic matter (r = 0.64***) and soil moisture (r = 0.49**) suggest that the soil organic matter may
have influenced microbial activity. All variables found in the Eucalyptus soil were higher than that of Pinus
soil, probably favored by the best soil fertility and higher pH value.
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FLUTUAÇÃO SAZONAL DA COMUNIDADE BACTERIANA E DA
ATIVIDADE MICROBIANA EM SOLOS SOB EUCALIPTO E PINUS
RESUMO: O acúmulo e decomposição da serapilheira em solos de florestas dependem das condições climáticas
e bióticas. Este trabalho avaliou as variações mensais no número de bactérias totais e nas atividades da
desidrogenase e da respiração microbiana, relacionando-as à quantidade de serapilheira depositada e aos
teores de matéria orgânica e de água do solo. O estudo foi realizado de abril de 1999 a março de 2000 em um
Latossolo Vermelho-Escuro plantado com eucalipto e com Pinus. Houve influência do clima e das variáveis
do solo nas bactérias totais e a atividade microbiana. Todas as variáveis ajustaram-se a equações de 3o grau.
Durante o verão, foram obtidos os maiores valores de temperatura e de chuvas e, consequentemente, todas as
variáveis estudadas apresentaram seus valores máximos neste período, e os valores mínimos no outono-
inverno ou, para alguns parâmetros, até mesmo na primavera. A correlação positiva comprovou a influência
da matéria orgânica e da água do solo no número de bactérias e nas atividades respiratórias e da desidrogenase.
O teor de serapilheira sobre o solo também foi maior no verão do que no inverno, mas só apresentou correlação
com as contagens de bactérias (r = 0,52***). Contudo, a correlação entre os teores de serapilheira e os de
matéria orgânica (r = 0,64***) e de água do solo (r = 0,49**) demonstra que a matéria orgânica pode ter
influenciado a atividade microbiana. Todas as variáveis analisadas no solo de eucalipto foram maiores do que
no de Pinus, provavelmente favorecidas pela melhor fertilidade e maior valor do pH.
Palavras-chave: NMP, desidrogenase, respiração microbiana, serapilheira, temperatura
INTRODUCTION
Major amount of forest soil organic matter is de-
rived from the vegetation that is partly disposed on the
soil surface as an organic layer (litter) and partly distrib-
uted into the soil (Klein, 2000; Santa Regina & Tarazona,
2001). Dames et al. (1998) reported annual litter produc-
tion of 3.64 to 5.89 t ha-1 in a Pinus patula forest in South
Africa. The most important nutrient supply to the forest
is derived from litter decomposition by action of organ-
isms under conditions of high air temperature and soil
moisture. The chemical elements present in the litter are
mobilized and reabsorbed by plant roots, restarting a new
plant nutrient cycling and guaranteeing perennial condi-
tions to the system (Guo & Sims, 1999b), even in cases
of low fertile soils.
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The main factors that control the organic matter
transformation process are: the quantity and quality of lit-
ter material components, the physical and chemical en-
vironment, and the decomposition organisms (Swift et al.,
1979). Laboratory experiments have evidenced that some
environment factors, like soil water content and air tem-
perature, affect the organic matter decomposition rate,
which is usually higher in tropical than in temperate re-
gions (Taylor & Parkinson, 1988). In Europe, the litter
decomposition rate of Pinus was positively related to the
average annual temperature and pluviosity (Pausas, 1997).
In the subtropical Australia, reduction below 80% on eu-
calyptus forest litter humidity, caused a decrease in mi-
crobial respiratory activity (O’Connell, 1990).
Among the soil organisms, the bacteria and fungi
present the highest values of biomass and respiratory me-
tabolism, and have greater participation in the organic
matter decomposition process (Persson et al., 1980). The
bacteria represent the major group, responsible for 25 to
30% of the total soil microbial biomass. Increases in the
bacterial community during the summer have been attrib-
uted to increases in air temperature (Chhonkar & Tarafdar,
1984); however, decreases on fungi and increases on bac-
teria relative quantities, respectively, were observed with
increasing soil fertility (Pennanen et al., 1999). In India,
records on the number of soil bacteria from several for-
ests were higher in September and lower in July, prob-
ably because of the rain and temperature regimes (Jha et
al., 1992).
The bacterial community, the microbial respira-
tory activity, and specific soil chemical compounds may,
together, indicate the transformation evolution occurring
in soils under specific forest litters (Luizão et al., 1992).
The soil microbial enzyme activity is affected by edaphic
and climatic factors (Jha et al., 1992). For example, in
Indonesia, a study demonstrated that the dehydrogenase
activity was positively correlated with soil moisture and
N concentrations (Gunadi et al., 1998). However, contrar-
ily to this result, no variation was observed in the dehy-
drogenase and cellulase activities for Pinus litter (Faber
et al., 1992). Other factors have been related to the litter
decomposition process: Schneider et al. (2000) showed
that the acid phosphatase activity was dependent on the
total organic C, N and the amount of soil litter found in
Quercus pyrenaica and Pinus pinaster soils from Spain.
Neverthless, there is little information on the fluc-
tuations of bacterial community and soil microbial activ-
ity in response to the climatic variations in eucalyptus and
Pinus forests. The objective of this research was to evalu-
ate the effects of seasonal climate and litter variations on
the soil bacterial community and soil microbial activity,
the main agents for the soil organic matter mineralization
under eucalyptus and Pinus forests established on
Oxisols.
MATERIAL AND METHODS
The experiment was carried out in Jaboticabal,
SP, Brazil (21o17’05’’S; 48o17’09’’W; altitude 590 m);
monthly air temperature and rainfall distribution are pre-
sented in Figure 1. The woodland areas are established
on a Typic Haplustox, medium texture, an acid and low
fertility soil (Table 1). The Eucalyptus spp. woodland
is part of a reforested area, planted during February
1969, in a 3 x 2 m spacing, with several native and ex-
otic species, each species grouped in seven row plots
with nine plants in each plot. The Pinus spp. woodland
was planted in March 1975, in a 3 x 2 m spacing, being
part of an experiment related to species and variety com-
petition.
The areas under eucalyptus and Pinus (2 ha each)
were split in six subareas of similar size (around 3,000 m2).
From each subarea, sixteen randomized, simple soil
subsamples were collected, grouped and homogenized,
resulting in one composite sample. Six composite samples
were obtained from each area. The soil samples collected
from the 0-20 cm soil layer, after litter removal, were
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Table 1 - Chemical properties of the soils grown with
Eucalyptus and Pinus.
Figure 1 - Monthly variation in rainfall (♦) and air temperature (•)
monitored at Jaboticabal, SP, Brazil.
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cleaned from pieces of leaves, stalks and roots, split in
two subsamples, one of which was stored in a refrigera-
tor for microbiological analysis and the other, oven dried
at 50o C for chemical analysis.
For the determination of the most probable num-
ber (MPN) of total soil bacteria (Alexander, 1982), 2.7
mL of the Bunt & Rovira (1955) culture medium were
transferred to each well of a 24-well plate. A soil sus-
pension was prepared by shaking 10 g of moist soil into
95 mL of a 0.1% pyrophosphate solution (m/v) during 30
minutes; a 10-3 serial dilution of the soil suspension was
made in test tubes. Thereafter a 0.3 mL aliquot sample
was transferred to each of the four wells of the first plate
row. After homogenization, a 0.3 mL aliquot sample was
taken from each well of the first row and transferred to
the following one in the second row, and so successively,
until a 10-9 suspension dilution. The plates were incubated
at 30oC for 24 hours. The wells presenting bacterial
growth presented turbidity, and the minimal turbidity was
considered a positive result. The positive results of the
last three series of wells were considered for bacterial
counting.
The respiratory activity was determined accord-
ing to Jenkinson & Powlson (1976), by transferring 100
g-fresh-collected soil sample into 2,500 mL recipients,
which were incubated at 30oC for one week. The dehy-
drogenase activity was determined according to Casida
Jr. (1977) in soil extracts obtained after incubation of 3
g of dried soil at 37oC for 24 hours, and then addition of
30 mL methanol. After filtration, the absorbances were
read in spectrophotometer at the 485 nm wavelength. One
unit of enzyme activity corresponded to the quantity of
enzyme producing 1.0 µg triphenylformazan from 1.0 g
dry soil per three hours.
Total organic carbon was determined according
to Sims & Haby (1971), using 1.0 g, dried soil sample.
The soil pH was determined in 0.01 mol L-1 CaCl2 solu-
tion (1:2.5). Soil moisture was determined by oven dry-
ing the soil samples at 105oC for 24 hours. Organic mat-
ter was determined after soil sample furnace incineration
at 550oC for 24 hours.
Monthly, litterfall samples were collected from
inside a 0.25 m2 gauge and the fresh and dry weights were
determined. The litterfall samples were dried in a forced
air oven at 105oC for three days before dry matter deter-
minations.
A split-plot experimental design was used with
main plots being the two types of litter and the sub-plots,
the monthly collected litterfall samples. The most probable
number of total bacteria (MPN) was evaluated by a com-
puter program (Hurley & Roscoe, 1983). For the analysis
of variance, MPN values were transformed into log (X +
1), where X = NMP g-1 dried soil. Mean comparisons were
made according to the Tukey test (P = 0.05). Correlation
between variables and regression analysis of the time de-
pendent variables were also calculated. All the statistical
analysis were performed using SAS (1990).
RESULTS AND DISCUSSION
All variables showed fluctuations over time, sta-
tistically adjusted to third degree equations, possibly due
to variations in the climatic variables. Monthly variation
of the soil bacterial number under eucalyptus and Pinus
followed the variation trend observed in the respiratory and
dehydrogenase activities (Figure 2). From June to Septem-
ber, months with lower rainfall and air temperature (Fig-
ure 1), the bacterial community numbers decreased (Fig-
ure 2A), also followed by a decrease in the respiratory (Fig-
ure 2B) and dehydrogenase activities (Figure 2C). During
the warmer and moister months, December to March, the
bacterial number decreased followed by an increase in the
microbial activities (Figure 2 B,C). Consequently, corre-
lations between the bacterial counting and CO2 evolution
(r = 0.50***), and between this latter variable and dehydro-
genase activity (r = 0.47**) were found. No correlation was
observed between the number of bacteria and dehydroge-
nase activity, possibly because of the low microbial activ-
ity in the Pinus soil. In the eucalyptus soil, the dehydro-
genase activity increased seven fold from the minimal (Oc-
tober) to the maximal (December) activity, which coin-
cided with the higher bacteria numbers.
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Table 2 - Correlation coefficients (r) between selected variables including data of the Eucalyptus and Pinus soils.
NSnot significant; *, **, significant at P < 0.01 and P < 0.001, respectively. N = 144.
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The bacterial community numbers increased 54
and 65 times for the eucalyptus and Pinus soils, respec-
tively (Figure 2A) from the dry and chilly period to the
warmer and rainy period, that is from September to Janu-
ary. The fluctuations in the number of bacteria agree with
the results obtained by Clarholm & Rosswall (1980) in a
Pinus forest, although there was only a 10-fold increase
in the bacteria numbers, possibly because of the lower
air temperatures.
Maximal microbial respiratory activity was ob-
served from December/1999 to January-February/2000,
as compared to other months (Figure 2B). CO2 evolution
increased three to four fold from the driest to the most
humid month, and was correlated with the soil moisture
content (r = 0.51***). In an eucalyptus soil from Austra-
lia, there was a 2-fold increase in CO2 evolution, corre-
lated with soil temperature and moisture during the moist
season (Chen et al., 2002). In a Pinus soil, Fang et al.
(1998) attributed the increase in CO2 evolution to the in-
crease in root biomass, soil litter and humus contents.
However, CO2 evolution was inversely correlated to the
soil organic matter content. Although no correlation was
observed between the respiratory activity and the litter
quantity accumulated in the soil (Table 2), positive cor-
relations between soil organic matter content and respi-
ratory activity (r = 0.48***) and litter content (r = 0.64***)
were observed.
The greater litter accumulation observed during
the moisty season (Figure 3) can be attributed to the
greater rainfall and consequently to the increase in the
vegetal biomass. The influence of the soil moisture on
the litter production was evidenced by the correlation
found between these two variables (r = 0.49**). In Aus-
tralia, Grigg & Mulligan (1999) observed that the de-
crease in the litter production in two eucalyptus forests
occurred when the rainfall amount also decreased. Mean-
while, in New Zealand, Guo & Sims (1999a) found out
that 70 to 80% of the total annual litter production was
formed during the summer, what was also observed in an
Eucalyptus tereticornis forest in India (Bahar et al., 2001).
Seasonally-variable environmental factors, like
air temperature and soil moisture, may influence the soil
microbial community and activity and control the organic
matter decomposition process (Maire et al., 1999). Higher
decomposition rates in eucalyptus tropical forests were
related to rainfall, soil moisture and temperature (Virzo
de Santo et al., 1993; Pande, 1999). The higher litterfall
during the rainy season, for both Pinus and eucalyptus,
associated to the increase in the soil moisture content
Figure 2 - Monthly variation in bacterial population (A), CO2
production (B) and dehydrogenase activity (C) in
Eucalyptus  (♦) and Pinus (•) soils. (TPF,
triphenylformazan; MPN, most probable number). F-
test, Bacteria: Species (S) = 0.8NS, Time (T) = 4.2**, S
x T = 0.6NS; CO2 production: S = 73.9**, T = 93.5**, S
x T = 4.1*; Dehydrogenase: S = 118.3*,  T = 21.0*, S x
T = 14.2*. NS, not significant; *, **, significant at
P < 0.05 and P < 0.01, respectively.
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Figure 3 - Monthly variation in litterfall in Eucalyptus (♦) and  Pinus
(•) soils. F-test, Species (S) = 16.7**, Time (T) = 20.6**,
S x T = 1.0NS. NS, not significant; **, significant
P < 0.01.
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(Figure 4A) and to the air temperature (Figure 1), might
have contributed to the increase in the soil organic mat-
ter (Figure 4B) and organic carbon contents (Figure 4C),
as consequence of the increase in the litter decomposi-
tion.
Dilly & Munch (1996) reported a lower decom-
position rate in Alnus glutinosa, during the summer, when
the litter moisture content was lower, contrarily to the re-
sults obtained in this research. However, results herein
found for Pinus and eucalyptus soils, may be corroborated
by the correlation found between the bacterial number and
the litterfall (r = 0.52***), and bacterial number and the
increase in the organic carbon content (r = 0.43**) derived
from the organic matter mineralization. The increase in
the bacterial number and in the microorganism activity
resulted, probably, from the organic matter accumulation
(Figure 4B), which was positively correlated to the bac-
teria number (r = 0.51***), to the respiratory activity (r =
0.48***) and to the dehydrogenase activity (r = 0.59***)
(Table 2). The increase in the microbial biomass C might
have resulted from the increase in the soil organic C
(McGill et al., 1986; Anderson & Domsch, 1989).
Nohrstedt (1985) have also concluded that the soil organic
C from several forests was the factor influencing micro-
bial activity.
Except for the bacterial numbers, similar in both
eucalyptus and Pinus soils, data obtained for the other
variables were higher for the eucalyptus soil than for the
Pinus soil (Figures 2, 3 and 4). The quantity and mois-
ture of litterfall might have affected the results, because
litter accumulation was significantly higher for eucalyp-
tus (1.69 kg m-2) than for Pinus (1.50 kg m-2) (Figure 3),
and with moisture contents of 18% and 17% (data not
shown), respectively. On the other hand, the eucalyptus
soil had higher fertility and pH than the Pinus soil (Table
1), which might have caused an increase in the micro-
bial activity and in the litter decomposition processes in
the first one.
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